Background: Cholecystectomy can be associated with considerable postoperative pain. While the benefits of paravertebral block (PVB) on pain after thoracotomy and mastectomy have been demonstrated, not enough investigations on the effects of PVB on pain after open cholecystectomy have been conducted. We tested the hypothesis that a single-injection thoracic PVB reduces pain scores, decreases opioid consumption, and prolongs analgesic request time after cholecystectomy. Methods: Of 52 patients recruited, 50 completed the study. They were randomly allocated into two groups: the paravertebral group and the control group. The outcome measures were the severity of pain measured on numeric pain rating scale, total opioid consumption, and first analgesic request time during the first postoperative 24 hours. Result: The main outcomes recorded during 24 hours after surgery were Numerical Rating Scale (NRS) pain scores (NRS, 0-10), cumulative opioid consumption, and the first analgesic request time. Twenty four hours after surgery, NRS at rest was 4 (3-6) vs 5 (5-7) and at movement 4 (4-7) vs 6 (5-7.5) for the PVB and control groups, respectively. The difference between the groups over the whole observation period was statistically significant (P<0.05). Twenty-four hours after surgery, median (25th-75th percentile) cumulative morphine consumption was 0 (0-2) vs 2.5 (2-4) mg (P<0.0001) and cumulative tramadol consumption was 200 (150-250) mg vs 300 (200-350) mg in the paravertebral and in the control group, respectively (P=0.003). After surgery, the median (25th-75th percentile) first analgesic requirement time was prolonged in the PVB group in statistically significant fashion (P<0.0001).
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Fentie et al patients with thoracoabdominal trauma and chronic pain with minimal complications. 1, 5, 6 The block is easy to perform, has a high success rate, and is widely performed as multimodal pain control strategy for thoracoabdominal surgeries including cholecystectomy. 7 Moreover, single-shot TPVB markedly reduced postoperative pain after laparascopic 8 and open cholecystectomy. 9, 10 The efficacy and spread of the block can be affected by technical difficulty of the block and patient-related factors such as obesity, both in the upper and lower thoracic levels, and anatomic factors. 11, 12 The use of ultrasound may improve the success rate of the block and decrease potential complications. 13, 14 However, a number of studies depicted the great efficacy of TPVB when performed using anatomic landmark technique after thoracoabdominal surgery for a variety of surgical procedures if it is performed strictly. Studies done on different thoracoabdominal procedures using the blind technique of the thoracic paravertebral nerve block showed a comparable result to the ultrasound-guided ones. 1, 6, 9, 15 Postoperative pain management in developing countries like Ethiopia are substandard because of lack of awareness about the problem; shortage of supply of systemic opioids, adjuvants drugs, epidural kits, and ultrasound machines; and lack of skilled anesthetists in ultrasound scanning. Furthermore, open cholecystectomy (no laparoscopic surgery in our case) is one of the most common operations performed in our hospital that may cause severe postoperative pain. Thoracic paravertebral nerve block is routinely performed as part of multimodal analgesia for open cholecystectomy. Unfortunately, its efficacy has never been addressed before. In this study, we assessed the efficacy of unilateral single-shot thoracic paravertebral nerve block using landmark technique for postoperative pain control after open cholecystectomy surgery.
Methods
An institutional-based randomized controlled clinical trial was conducted from February 1 to April 30, 2016. Previously, nonsteroidal anti-inflammatory drugs and sometimes low-dose weak opioids (tramadol) with or without local wound infiltration were the main management modalities to control postoperative pain. Postoperative pain following cholecystectomy may be controlled with systemic opioids, epidural analgesia, nonsteroidal anti-inflammatory drugs, or posterior intercostal nerve block. Each method has its advantages, but it needs experienced staff and a high degree of surveillance because of the potential risk of hypotension, motor blockade, and respiratory depression. All American Society of Anesthesiologists (ASA) class I and II surgical patients who underwent open cholecystectomy surgery were included in the study. On the other hand, patients with any contraindication for regional anesthesia, such as infection of the puncture site, anatomic deformities, coagulopathy, and allergies to any medication included in the local pain management protocol (data obtained from preoperative anesthetic record), common bile duct exploration, and high body mass index (BMI; >35 kg/m 2 ) were excluded from the study.
Dependent variables
The outcome variable for the study was the severity of postoperative pain, which was assessed using numerical pain rating scale with/without coughing (movement), total postoperative analgesics consumption, and first analgesic request time.
Independent variable
Sociodemographic variables (age, weight, height, BMI), duration of surgery and anesthesia, ASA status, Ramsey sedation score, and postoperative hemodynamic changes were the independent variables.
Operational definiation
Numerical pain rating scale is a method of pain assessment where patients are asked to score their pain ratings on a scale of 0-10, corresponding to current, best, and worst pain experienced over the 24 hours. The median value were used to represent patients level of pain. Pain was manged using tramadol when the numeric pain rating scale score was greater or equal to four (Numerical Rating Scale [NRS] ≥4), morphine was added when NRS ≥7 Severity of the postoperative pain is depicted in the scale in Figure 1 . Time for first analgesia request is defined as the first time at which patient need tramadol or morphine in the postoperative period.
Total analgesic consumption is defined as type and amounts of analgesic drugs given to the patient within 24 hours postoperatively.
Failed PVB was defined as the no anesthetic dermatome at the level of T6-T8 20 minutes following the administration of the block.
Sample size calculation and sampling techniques
Based on a previous study in Egypt, we took the power as 80% and the level of significance as 5%. 16 The incidence of post choleycystectomy pain was about 56% without any intervention. 17 Based on a previous study, we took 60% reduction. 18 p1 was defined as the incidence of pain in the nonparavertebral group, taken as 56%; p2 was defined as the incidence of pain the paravertebral group, which was taken as 22%; Za is the standard normal variate of the level of significance, which was 1.96; Za is the standard normal variate for power or type two error, which was 0.84; r: 1 applying this in the following formula the total simple size would be 52.
Data collection procedures
After we obtained informed written consent, randomization ( Figure 2 ) was performed as follows: Letter C and P which were written on a piece of white paper were drawn by the 
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Fentie et al patient from a small bag. If a letter P was drawn, patients were allocated to the paravertebral group, whereas if a letter C was drawn, the patients were allocated to the control group. Intravenous line was instituted and all patients were given crystaloids. Then, all patients were premedicated with paracetamol 20 mg/kg per os and 1 mg/kg and diclofenac intramuscular. For patients in the paraverteberal group, after aseptic preparation of the skin, the site of injection was infiltrated with 2-4 mL of 1% lidocaine, and then using 22 gauge spinal needle TPV block was done by one of the MSC anesthetists. The block was done taking C 7 , the most prominent cervical vertebral as landmark, counting down seven spinous process, palpating for T 7 , and then identifying the needle injection site at 2.5 cm lateral and to the right of the spinous process. Patients were observed closely for symptoms and signs of systemic local anesthetic toxicity and other complications related to the block. According to previous studies, we arbitrarily defined block success as loss of pinprick sensation in 3 or more ipsilateral vertebral dermatomes. 21 Then, analgesia using the loss of pinprick sensation was checked 15-20 minutes after the institution of the block to elicit the extent of somatic blockade. Failed PVB was defined as inability to identify sensory block in the dermatome between T 6 and T 8 20 minutes after initiation of block, and these patients were excluded from the study. On the operating table, 0.1 mg/kg dexamethasone intravenous as per our protocol for antiemetic prophylaxis and fentanyl 2 mcg/kg were given for all groups. All patients were induced with 2-3 mg/kg propofol and relaxed with suxamethonium 2 mg/kg intravenous to facilitate tracheal intubation. Intraoperative anesthesia was maintained with halothane, and relaxation with pancronium. Intraoperative analgesia was maintained with 0.1 mg/kg of morphine. All patients were monitored using an electrocardiogram, noninvasive arterial blood pressure monitor, and pulse oximeter. At the end of the surgical procedure, all patients received 1 mcg/kg of fentanyl. Residual neuromuscular blockade was reversed with intravenous neostigmine 0.05 mg/kg and 20 mcg/kg of atropine, after that the trachea was extubated when the patient was awake and recovered fully from anesthesia. Then, patients were transferred to the recovery room and observed for 30 minutes. After 30 minutes of observation postoperatively, presence and severity of pain and analgesic needs was assessed systematically using structured questionnaire by trained data collectors who were blinded to group allocation.
These assessments were performed at 30 minutes and 1, 2, 6, and 24 hours postoperatively. Moderate pain was managed using tramadol, and morphine was added for severe pain (NRS ≥7). Ward and recovery nurses were informed and trained about the pain management strategies, and they were involved in the postoperative pain assessment, management, and documentation process. Two BSc qualified anesthetists were selected to collect data, and a one-day training was given on patient randomization, data collection, and postoperative pain management. The intraoperative data collector prepared the drugs, assigned the group, and coded them. He/she also recorded the intraoperative events on the intraoperative data collection tool. At the end of operation, in the recovery room, the coded separated postoperative data collection tool was given to the postoperative data collector who was blinded to the group allocation. In the postoperative period, all patients were given diclofenac 50-75 mg TID and 1 g paracetamol QID as soon as they swallowed tablets.
Data management and analysis
Data were coded, cleaned, entered, and cross-checked using SPSS version 20 statistical package (IBM Corp., Armonk, NY, USA). The data were tested for normality using the Shapiro-Wilk normality test. Normally distributed data were analyzed using Student's t-test. Postoperative opioid consumption and time for first analgesia request, between groups comparisons at each time point were made using Mann-Whitney U-test. For NRS data collected more than once during the study period, the one-way repeated-measures analysis of variance on ranks were used with time of measurement as the repeated factor and group as the nonrepeated factor. If there was a statistical difference (P<0.05) between the two groups by repeated-measures analysis of variance on rank differences, the Mann-Whitney U-test was used to assess differences between the groups. The comparisons of categorical parameters were analyzed using chi-square test or Fisher's exact test as required. Data are presented as mean ± SD for normally distributed, median (25th-75th percentile) for nonnormally distributed, and categorical data are presented as numbers and frequencies (percentages). P-values <0.05 are considered statistically significant.
Ethical Considerations
Ethical clearance was obtained from University of Gondar School of Medicine ethical committee. Written informed consent was taken from each study participant after a brief explanation and full disclosure of the benefit and risk they will get from participation. Those patients who were complaining of pain during the data collection period were given standard analgesic drugs. Confidentiality was ensured by removing identifiers and locking the questionnaires after data collection. 
Results
Sociodemographic characteristics of patients
Fifty two patients were prospectively enrolled in the current study. Two participants were excluded from the study, one from the PVB group because of failed block diagnosed before induction of general anesthesia by pinprick test that revealed three unblocked adjacent dermatomes, and the other one from the control because of refusal to participate in the postoperative time. Only 50 patients were included in the final analysis. Of these patients, 25 were cases who took 15-20 mL of 0.5% bupivacaine and 25 were controls, who were without the block but managed with systemic opioid analgesics. The mean age was (mean± SD) 43.04±11.74 years (range, 22-70). The demographic characteristics (age, sex, weight, height BMI, and ASA physical status), the duration of surgery, and duration of anesthesia were comparable between the two groups ( Table 1) . In this study, 84% of the PVB group and 80% of the control group were females and 16% of the PVB group and 20% of the control group were males. Assessment of ASA physical status showed that 26% of the PVB patients and 40% of the controls were ASA I and 24% of the PVB patients and 10% of the controls were ASA II (Table 1) .
There were no significant differences concerning postoperative mean arterial blood pressure, heart rate, respiratory rate, and oxygen saturation values between groups (P>0.05).
Postoperative pain scores using NRS
Pain scores within 24 postoperative hours at rest and while coughing or moving are shown in Tables 2 and 3, respectively. The pain intensity at rest and while coughing (movement) reported with the NRS score was significantly lower in the paravertebral group as compared with the control group for each time point (P<0.05) (Tables 2 and 3 ).
Postoperative total analgesic consumption
Postoperative tramadol and morphine consumption and first analgesic request time was checked using the Shapiro-Wilk test and analysis by Mann-Whitney U-test.
The median (25th-75th percentiles) cumulative morphine consumption, including nurse-administered morphine, in the paravertebral group was 0 mg (0-2) and 2.5 mg (2-4) in the control group, with P-value of 0.001. The total tramadol consumption was significantly lower in the PVB group 200 mg (150.00-250) than the control 300 mg (200-350), with P-value of 0.003 (Table 4) . 
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Postoperative first analgesic request time
In the current study, first analgesic request time were significantly higher in the PVB group at 120 minutes (60-120) than in the control group at 30 minutes (27.5-30), P-value <0.05 (Table 4) .
Discussion
In this prospective randomized study, unilateral singleinjection thoracic PVB decreased postoperative pain, reduced total analgesic consumption, and prolonged the median time for first analgesic request for 24 postoperative hours after open cholecystectomy. The postoperative NRS score was reduced more significantly in the PVB group than in the control group at 30 minutes and 1, 2, 6, and 24 postoperative hours both at rest and on movement. This finding was comparable with previous studies where single-injection TPVB reduced the severity of postoperative pain after open cholecystectomy, 9 thoracoscopic surgery, 7 breast surgery, 19 inguinal hernia repair, 20 and rib fractures. 21 Single-injection thoracic PVB resulted in pain reduction after cholecystectomy via subcostal incision that could attribute to blockade of somatic and sympathetic pain fibers originating from T5-T1. 22 However, unilateral single-shot PVB might provide total visceral anesthesia as vagal nerve and contralateral sympathetic fibers are not targeted by unilateral PVB. Although bilateral PVB using landmark techniques can provide total visceral analgesia, it is highly associated with risk of inadvertent vascular puncture and pleural puncture that could result in development of pneumothorax. 23 Low NRS scores seen both at rest and on movement or coughing in the PVB group at 24 hours might not be due to the pharmacological effect of bupivacaine. This, rather, could be related to the preemptive effect of the block, which reduces the nociceptive input to the central nervous system in the first few hours of surgery that could attenuate central sensitization, thereby leading to less postoperative pain. 24 Different dematome block levels for cholecystectomy have been reported. In previous studies, after a single injection, a mean sensory level of 2.2 and 1.4 segments above and below the level of injection with the mean value of 4.6 segments 25 and sensory analgesia from 1 to 8 dermatomes after a single injection of 0.5% bupivacaine have been reported. 26 In our study, patients who had less than 3 dermatomal blocks were excluded. We agreed that this spread is sufficient to block pain sensation after cholecystectomy surgery. Singleinjection PVB at T4 is also reported to be as equally effective as multilevel injection for postoperative pain control as shown in a randomized control study conducted on patients undergoing partial mastectomy with lymph node dissection, which possibly minimizes complications associated with multilevel block. 27 In this study, the median time for the first analgesic request was significantly prolonged in the single-shot PVB group 120 (60-120) vs controls 30 (27.5-30, P=0.000). Our finding was comparable with previous studies in various procedures such as right lobe donor hepatectomy (P<0.01) 28 and breast surgery (P<0.019). 19 The similarity might be due to the use of same dose of bupivacaine, 0.3 mL/kg of 0.5%. Although there was prolonged median time of analgesic request in the PVB group in both studies, the median analgesic request time was more prolonged in our study, which could be attributed to the use of fentanyl at the end of surgery. Moreover, this study revealed that the total amount of opioid consumption over the postoperative 24 hours was lower in the PVB group than the control group, with (P<0.05), which was comparable with previous studies conducted on various procedures using the same concentration of bupivacaine and levobupivacaine. [28] [29] [30] [31] However, there are still controversies regarding the efficacy of single-shot PVB for post cholecystectomy pain relief. A single preincisional thoracic paravertebral injection of bupivacaine 0.5%, 20 mL, before cholecystectomy provides complete pain relief for 1-6 hours. 32 On the other hand, another study revealed that TPVB with 0.5% bupivacaine at a 15-mL bolus dose followed by an infusion of 5 mL/h postoperatively was inadequate after cholecystectomy. 33 This implies that single-shot PVB alone may not provide adequate postoperative analgesia and that systemic supplementation may be required.
Furthermore, there are also discrepancies regarding the mean duration between the initial dose and the first top-up of local anesthetic of 7.2±2.7 hours, which shows a need for supplementation after 7 hours. 34 In the current study, there were no complications associated with PVB. Complication rates of thoracic PVB are reported to be low, 35, 36 reported figures (5%), 37 and even in another retrospective study that reviewed 156 thoracic PVB cases with multipleinjection technique, complications occurred in only four cases (2.6%). 38 In addition, a prospective study evaluating complications after PVBs in 367 patients observed the following complications: vascular puncture (3.8%), hypotension (4.6%), pleural puncture (1.1%), and pneumothorax (0.5%). 35 TPVB is technically easy to learn, has a high success rate regardless of the number of blocks performed, and does not appear to be operator dependent. [38] [39] [40] Local and Regional Anesthesia 2017:10 submit your manuscript | www.dovepress.com
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Limitation of the study
The current study has certain limitations, including shorter duration of postoperative follow-up and inability to accurately identify failed blocks. There was involvement of nurses in postoperative pain management that might have an impact on the magnitude of treatment difference.
Conclusion and recommendation
TPVB is effective in controlling the postoperative pain, prolongs analgesic request time, and has a good opioid-sparing effect in comparison to the traditional general anesthesia alone for patients undergoing open cholecystectomy and deserves more widespread use. We recommend further study, including one with a longer time of follow-up of at least 48 hours postoperatively, to evaluate the effect of PVB after cholecystectomy on clinically important outcomes, such as complication rates and intraoperative hemodynamic changes.
